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Description 

Detailed description of the invention: 

5 The present invention relates to novel quinolonecarboxylic acid derivatives having excellent properties 
as antibacterial agent, a process for their preparation, and antibacterial agents containing these novel 
compounds. 

Compounds of this invention are characterized in having a cyclopropyl group on 1 -position and an 
alkoxy group on 8-position of the quinolonecarboxylic acid. 
10 EP-A-0 106 489, EP-A-0 153 828, EP-A-0 153 163, EP-A- 0 132 845, EP-A-0 126 355 and FR-A-24 49 
682 describe various quinolinecarboxylic acid derivatives and their (bio-)isosteric analogs. 

With respect to the 8-alkoxyquinolonecarboxylic acid derivatives, the following 8-methoxy derivatives 
were described previously in Japanese Unexamined Patent Publication No. Sho 60-214773. 



20 




(£=H,CH 3 ) 



25 

However, the antibacterial activity of those compounds is weak and their other favourable properties for 
antibacterial agents have not been described. 

Recently, norfloxacin, which has been developed by us, shows high antibacterial activity against gram- 
negative bacteria including Pseudomonas airuginosa and gram-positive bacteria. This compound is widely 
30 used clinically as new quinolonecarboxylic acid-antibacterial agent having a broad antibacterial spectrum. 
Afterwards, efforts are focusing on improvement of bioavailability of norfloxacin or strengthing its anti- 
bacterial activity. 

Consequently, quinolonecarboxylic acid derivatives, having similar substituents, such as ofloxacin and 
ciprofloxacin have been developed. These new quinolonecarboxylic acid derivatives show more excellent 

35 antibacterial activity against gram -negative bacteria than other antibacterial agents such as 0-lactum and 
aminoglycoside antibiotics. Moreover, the development and spread of resistance to new quinolonecarboxylic 
acids is not easy as compared with that of other antibacterial agents. However, their activity against gram- 
positive bacteria are weak compared with those against gram-negative bacteria. Therefore, these 
quinolonecarboxylic acids have unfortunately solved the clinical problem of increase in the isolation 

40 frequency of gram-positive bacteria from clinical materials. From the results of various studies, the inventors 
found that some of the quinolonecarboxylic acid derivatives having excellent antibacterial activity can not be 
used as medicinal drug because of their toxicity, and that excellent selective toxicity is an important factor 
as well as antibacterial activity. 

As the results of diligent studies focusing on the dissolution of these problems and on the development 

45 of useful new medicinal drugs, the inventors have found novel compounds of this invention which exhibit 
extremely high activity against aerobic gram-negative and -positive bacteria, and besides anaerobic bacteria 
and Mycoplasma that show less susceptibility to conventional quinolonecarboxylic acids. Furthermore, these 
compounds show not only high selective toxicity between prokaryotic cells and eukaryotic cells, but also an 
excellent absorption when administered to animals orally. The compounds of this invention do not exhibit 

so any toxicological effects after oral or parenteral administration. 

This indicates that the compounds of this invention are Very useful as medicinal drugs for human 
beings and domestic animals, and further as antibacterial agents for fish and shellfish, and plants. 

The invention provides 8-alkoxyquinolonecarboxylic acid derivatives represented by the general formula 

0). 

55 
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(i) 



wherein R indicates a hydrogen atom or alkyl group having from 1 to 5 carbon atoms, R 1 indicates an alkyl 
group having from 1 to 5 carbon atoms, R 2 indicates a hydrogen atom, amino group or nitro group, X 
15 indicates a halogen atom, and 2 indicates a halogen atom, piperazino group, N-methylpiperazino group, 3- 
methylpiperazino group, 3-hydroxypyrrolidino group, or pyrrolidino group of the following formula, 



20 



25 




R 4 



35 



40 



45 



(here, n is 0 or 1 , R 3 indicates a hydrogen atom or an alkyl group having from 1 to 5 carbon atoms, R* 
indicates a hydrogen atom or alkyl group having from 1 to 5 carbon atoms, optionally substituted by a 
hydroxy group or a halogen atom and R 5 indicates a hydrogen atom, alkyl group having from 1 to 5 carbon 
atoms, acyl group or alkoxycarbonyl group), the hydrates or the pharmaceutical ly acceptable acid addition 
or alkali salts thereof. 

Here, the alkyl group means a straight or branched alkyl group having from 1 to 5 carbon atoms, for 
example, methyl group, ethyl group, isopropyl group, n-butyl group, t-butyl group, amyl group or isoamyl 
group. 

Moreover, the halogen atom means a fluorine atom, chlorine atom, bromine atom, or iodine atom, 
preferably fluorine atom, chlorine atom or bromine atom. 

The acyl group means an aliphatic or aromatic acyl group having from 1 to 10 carbon atoms, for 
example, formyl group, acetyl group or benzoyl group. 

The alkoxycarbonyl group means an aliphatic or aromatic alkoxycarbonyl group having from 1 to 10 
carbon atoms, for example, ethoxycarbonyl group, t-butoxycarbonyl group or benzyloxycarbonyl group. 

The substituted alkyl group means a previously defined alkyl group being substituted with a hydroxy 
group or halogen atom, for example, hydroxyethyl group or fluoroethyl group. 

In the following, the processes for preparing the compounds of the invention will be explained. 

Compounds represented by the general formula (IV); 
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wherein R, R\ R 2 and X are the same as defined above, and Z 1 indicates a piperazino group, N- 
methylpiperazino group, 3-methylpiperazino group, 3-hydroxypyrrolidino group, or pyrrolidino group of the 
following formula, 



-N 



10 



RL 3 



(here, n, R 3 , R* and R 5 are the same as above.) are prepared by allowing compounds represented by the 
75 general formula (II); 



a 2 o 



20 



25 




COO* 



(II) 



wherein Y indicates a halogen atom, and R, R\ R 2 and X are the same as above, to condense with cyclic 
30 amines represented by the general formula (III); 

Z 1 -H (III) 

wherein Z 1 is the same as above. 

35 The reaction between the compounds represented by the formula (II) and the compounds represented 
by the formula (III) can be conducted in the absence of solvents or in the presence of polar solvents such 
as water, alcohols, acetonitrile, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), hexamethyl- 
phosphoric amide (HMPA), pyridine or picoline. The reaction temperature is selected appropriately within a 
range of from room temperature to 200 preferably from room temperature to 160*C. In more detail it is 

40 suitable to allow the compounds represented by the formula (II) to react with 1 to 5 times mole of the 
compounds represented by the formula (III) for 1 to 50 hours at room temperature to 120° C in 2 to 10 
times volume of the solvents aforementioned per volume of the compound (II). 

At this time, the use of deacidifying agents such as triethylamine, diazabicyclo bases and potassium 
carbonate is also preferable. 

45 Moreover, in the case of compounds in which R is a lower alkyl group, that is, compounds represented 
by the general formula (V); 
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wherein Alk indicates an alkyl group having from 1 to 5 carbon atoms, and R\ R 2 , X and Z are the same as 
above, among the compounds represented by the general formula (I), they are converted to quinolonecar- 
boxylic acid derivatives represented by the general formula (VI); 



10 




C00H 



(VI) 



75 

wherein R\ R 2 , X and Z are the same as above, by hydrolyzing according to a usual method. 

Such hydrolysis can be carried out easily at room temperature to the boiling point of the solvent in 
water, alcohols or mixed solutions thereof using alkalies such as sodium hydroxide and potassium 
hydroxide or acids such as hydrochloric acid and sulfuric acid. 
20 Next, among the compounds represented by the general formula (I), compounds represented by the 
general formula (VII); 



25 



30 




COOfc 



(VII) 



wherein Z 2 indicates a pyrrolidino group of the following formula, 



35 



40 



-N 



45 (here, R 6 indicates an acyl group or alkoxycarbonyl group, and n, R 3 and R* are the same as above), and 
R, R\ R 2 and X are the same as above, can be converted to compounds represented by the general 
formula (VIII); 
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10 




(VIII) 



wherein Z 3 indicates a pyrrolidino group of the following formula, 



20 




(here, R 3 and R + are the same as above.), and R, R\ R 2 and X are the same as above, by submitting to 
25 deacylation. 

Such reaction can be carried out easily by the methods well known usually such as hydrolysis with acid 
or alkali catalyst, catalytic reduction, etc. 

The synthetic intermediates represented by the general formula (II) for the preparation of the com- 
pounds of the invention are also novel compounds and can be prepared through, for example, the following 
30 route. 



35 
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(wherein Hal 1 indicates a halogen atom, and Alk, R, R 1 , R 2 , X and Y are the same as above.) 

The compounds of the invention represented by the general formula (I) can also be prepared by 
allowing compounds represented by the general formula (IX) to act with alcohols represented by the general 
formula (X) as follows: 
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wherein Hal indicates a halogen atom, and R, R\ R 2 , X and Z 1 are the same as above. 

Such a reaction is carried out without a solvent or in solvents such as alcohols, acetonitrile, DMSO, 
DMF, HMPA, dioxane or benzene, in the presence of a deacidifying agent, and it is desired to be carried 
out under anhydrous conditions in order to suppress the side reactions. As the deacidifying agents, for 
5 example, alkali fluoride, alkali metal aicoholate and alkali hydride can be used, but it is suitable to use 
alcohols represented by the general formula R'OH as solvents, to allow these to act with alkali metals such 
as sodium, potassium or lithium and to submit them to the reaction as they are. 

In more detail, it is suitable to allow the compounds represented by the formula (IX) to react with at 
least not less than equivalent moles of the foregoing deacidifying agent and alcohols represented by the 
10 general formula R 1 OH for 1 to 200 hours at room temperature to 200 - C in 1 to 50 times volume of the 
foregoing solvents per volume of the compound (IX), and, when using low boiling point solvents, it is more 
advantageous to effect the reaction at a high temperature in a sealed tube. 

Next, the compounds represented by the formula (I) can be converted to the salts thereof according to 
usual methods, if necessary. As the salts, for example, those with inorganic acids such as hydrochloric acid, 
T5 sulfuric acid or phosphoric acid, those with organic acids such as methanesulfonic acid, lactic acid, oxalic 
acid or acetic acid, or salts of, for example, sodium, potassium, magnesium, calcium, aluminum, cerium, 
chromium, cobalt, copper, iron, zinc, platinum and silver, can be mentioned. 

Furthermore, when the compounds of the invention are administered to human beings or animals and 
plants, the shapes and the routes well known pharmaceutical^ up to this time are applied. They are used 
20 orally or parenterally through, for example, powders, tablets, capsules, ointments, injections, syrups, liquids, 
eye drops or suppositories. 

The following examples will further illustrate the invention without, however, limiting it thereto. 

Example 1 . Synthesis of 1 -cyclopropyl-6-f luoro-1 ,4-dihydro-8-methoxy-4-oxo-7-(1 -piperazinyl)-3- 
25 quinolinecarboxyiic acid. 

A mixture of 1-cyclopropyl-6,7-dif luoro-1 ,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (200 
mg), anhydrous piperazine (180 mg) and anhydrous dimethyl sulfoxide (DMSO; 3 ml) was stirred for 2.5 
hours at 70 to 80* C on an oil bath. The reacting mixture was concentrated under reduced pressure and 
30 cold water was added to the residue. The precipitate was collected by filtration and recrystallized from a 
mixed solution of dichloromethane-methanol (1:1) to give the title compound (40 mg) as pale yellow prisms, 
mp 187 *C (decompd.). 

Analysis (%) for Ci8H 2 oFN 3 0*.2 H 2 0; Calcd. (Found): C, 54.40 (53.96); H, 6.09 (5.99); N, 10.57 
(10.34). 

35 

Example 2. Synthesis of 1 -cyclopropyl-6-f luoro-1 ,4-dihydro-8-methoxy-7-(4-methyM-piperazinyl)-4-oxo-3- 
quinolinecarboxylic acid 

A mixture of l-cyclopropyl-e^-difluoro-l^-dihydro-S-methoxy^oxo-S-quinolinecarboxylic acid (200 
40 mg), N-methylpiperazine (140 mg) and anhydrous DMSO (3 ml) was stirred for 5 hours at 70 to 95 *C on 
an oil bath. The reacting mixture was concentrated under reduced pressure. The resulting residue was 
purified by silica gel column chromatography eluting with chloroform -methanol-concentrated aqueous 
ammonia (20:6:1), the residue was recrystallized from methanol to give the title compound (50 mg) as 
colorless needles, mp 221-222 *C (decompd.). 
45 Analysis (%) for Ci 9 H 22 FN 3 0*; Calcd, (Found): C, 60.79 (60.82); H, 5.91 (5.90); N, 11.19 (11.24). 

Example 3. Synthesis of 1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-(3-methyl-1-piperazinyl)-4-oxo-3- 
quinolinecarboxylic acid 

so A mixture of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (200 
mg), 2-methylpiperazine (140 mg) and anhydrous DMSO (3 ml) was stirred for 2 hours at 70 to 95 *C on 
an oil bath. The reaction mixture was concentrated under reduced pressure. The resulting residue was 
purified by silica gel column chromatography eluting with chloroform-methanol-concentrated aqueous 
ammonia (20:6:1), the residue was recrystallized from methanol to give the title compound (50 mg) as white 

55 powdery crystals, mp 162- "C. 

Analysis (%) for Ci 9 H 22 FN 3 0* • 1/2 H 2 0; Calcd. (Found): C, 59.37 (59.95); H, 6.03 (6.01); N, 10.93 
(10.81). 
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Example 4. Synthesis of 7-(3-amincM-pyrrolidinyl)-l-cyclopropyl-6-fl^^ 
quinolinecarboxylic acid 

To a suspension of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (2 
5 g) in anhydrous acetonitrile were added 3-t-butoxycarbonylaminopyrrolidine (1.86 g) and 1 ,8-diazabicyclo- 
[5,4,0]undec-7-en (DBU, 1 .02 g) and then the mixture was refluxed for 3 hours. The reaction mixture was 
concentrated under reduced pressure and the residue was dissolved in chloroform (50 ml). The resulting 
solution was washed with 10 % aqueous citric acid solution (20 ml), and with saturated saline solution 
successively. The organic layer was dried over anhydrous sodium sulfate and then concentrated. The 
w residue was dissolved in hot methanol (20 ml) and then cooled. The resulting crystals were collected by 
filtration to give 7-(3-t-butoxycarbonylamino-1-pyrrolidinyl)-1-cyclopropyl-1 ,4-dihydro-6-fluoro-8-methoxy-4- 
oxo-3-quinolinecarboxylic acid (2.25 g) as yellowish white prisms, mp 224-226 • C (decompd.). 

Analysis (%) for C^hfesFNaCfe • 1/4 H 2 0; Calcd. (Found): C, 59.28 (59.18); H, 6.22 (6.08); N, 9.02 (8.82). 

To a suspension of these crystals (2.23 g) in methanol (16 ml) was added concentrated hydrochloric 
15 acid (16 ml) dropwise. After stirring for 3 hours at room temperature, the reaction mixture was cooled and 
neutralized with concentrated aqueous ammonia. The resulting precipitate was collected by filtration and 
washed with methanol and ether successively to give the title compound (1.52 g) as white powder, mp 217- 
218 *C. 

Analysis (%) for Ci 8 H 2 oFN 3 04*1/2 H 2 0; Calcd. (Found): C. 58.37 (58.68); H, 5.71 (6.10); N, 11.35 
20 (11.14). 

Example 5. Synthesis of 7-(cis-3-amino-4-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8- 
methoxy-4-oxo-3-quinolinecarboxylic acid 

25 A mixture of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (200 
mg), cis-3-t-butoxycarbonylamino-4-methylpyrrolidine (150 mg), DBU (110 mg) and anhydrous acetonitrile 
(3 ml) was refluxed for 5 hours. After cooling, the resulting precipitate was collected by filtration. This 
precipitate was added to the mixture of concentrated hydrochloric acid-methanol (1:1, 6 ml) and stirred for 
1.5 hours at room temperature. The reaction mixture was neutralized by concentrated aqueous ammonia 

30 and allowed to stand in the refrigerator. The resulting crystals were collected by filtration and washed with 
cold water to give the title compound (90 mg) as colorless prisms, mp 185-188 • C (decompd.). 

Analysis (%) for Ci9H 22 FN 3 CV3/2 H 2 0; Calcd. (Found): C, 56.71 (56.53); H, 6.26 (6.17); N, 10.44 
(10.37). 

35 Example 6. Synthesis of 7-(trans-3-amino-4-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8- 
methoxy-4-oxo-3-quinolinecarboxylic acid 

A mixture of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (0.40 g), 
trans-3-t-butoxycarbonylamino-4-methylpyrrolidine (0.41 g), DBU (0.21 g) and anhydrous acetonitrile (5 ml) 

40 was refluxed for 2.5 hours and then the reaction mixture was concentrated under reduced presure. The 
residue was dissolved in chloroform (40 ml) and washed with 10 % aqueous citric acid solution (20 ml) and 
with saturated saline (20 ml) successively. The organic layer was dried over anhydrous sodium sulfate and 
then concetrated under reduced pressure. The residue was crystallized from ethanol to give 7-(trans-3-t- 
butoxycarbonylamino-4-methyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1 ,4-dihydro-8-methoxy-4-oxo-3- 

45 quinolinecarboxylicacid. To a suspension of these crystals in methanol (5 ml) was added concentrated 
hydrochloric acid (5 ml) dropwise. After stirring for 1.5 hours at room temperature, the reaction mixture was 
neutralized with concentrated aqueous ammonia, the resulting crystals were collected by filtration and 
washed with water sufficiently to give the title compound (0.29 g) as colorless powder, mp 214-215 * C. 
Analysis (%) for Ci 9 H 22 FN 3 0a; Calcd. (Found): C, 60.07 (60.41); H, 5.97 (5.80); N, 11.06 (11.05). 

50 

Referential example 1 

Synthesis of 3-methoxy-2,4,5-trifluorobenzoic acid 

55 According to the method by Bardon et al. (Tetrahedron, 22, 2541 (1966)), 1 ,2,3,4-tetrafluorobenzene (50 
g) was brominated and methoxylated to give 1-bromo-3-methoxy-2,4,5-trifluorobenzene (22.2 g) as colorless 
oil. 
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A mixture of the oily product (22 g), cuprous cyanide (10 g) and N-methyl-2-pyrro!idone (37 ml) in 
sealed tube was heated for 4.5 hours at 140 to 150 'C. After cooling, a solution of ferric chloride 
hexahydrate (44 g) and concentrated hydrochloric acid (1 1 ml) in water (60 ml) was added to the reaction 
mixture and then stirred at 50 to 60 * C for 20 minutes. The reaction mixture was extracted with ether and 

5 the organic layer was washed with dilute aqueous hydrochloric acid, with water and with saturated saline 
solution successively, and dried over anhydrous sodium sulfate and then concentrated. The residue was 
purified by distillation under reduced pressure to give 3-methoxy-2,4,5-trifluorobenzonitrile (14.25g) as 
colorless oil, bp 94°C/1.06 kPa (8 mmHg). 

To the oily product thus obtained (14.2 g) were added concentrated sulfuric acid (8.5 ml) and water (40 

to ml) and the mixture was stirred for 1 hour at 1 1 0 • C. After cooling, the reaction mixture was poured into ice 
water (50 ml) and the resulting precipitate was collected by filtration, washed with water, and recrystallized 
from a solution of dichloromethane-n-hexane to give 3-methoxy-2,4,5-trifluorobenzamide (11.59 g) as white 
needle, mp 130-133 *C. 

Then, to these crystals were added 18 N sulfuric acid (150 ml) and the mixture was heated for 3.5 
75 hours at 100 *C. After cooling, water (400 ml) was added to the mixture and the resulting crystals were 
recrystallized from n-hexane to give the title compound (9.61 g) as colorless needle, mp 98-101 *C. 
Analysis (%) for CgHsFsCb; Calcd. (Found): C, 46.62 (46.68); H, 2.45 (2.48). 

Referential example 2 

20 

Synthesis of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid 

To 3-methoxy-2,4,5-trifluorobenzoic acid (9.4 g) was added thionyl chloride (50 ml), the mixture was 
refluxed for 3 hours and then concentrated. The residue was purified by distillation under reduced pressure 
25 to give 3-methoxy-2,4,5-trifluorobenzoyl chloride (8.86 g) as yellow oil, bp 108-1 12 °C/2.7kPa (20 mmHg). 

To magnesium ethoxide (5.9 g) was added diethyl malonate (7 g) in anhydrous toluene (35 ml) 
dropwise and the mixture was warmed for 2 hours at 50 to 60 *C and then cooled to -10 *C. To the 
mixture was added a solution of the acid chloride (8.86 g) in anhydrous toluene (10 ml) dropwise over 15 
minutes. After, stirring for 1 hour at -5 to 0 • C, ice water (30 ml) containing concentrated sulfuric acid (8 ml) 
30 was added to the mixture and the organic layer was separated. The organic layer was washed with 
saturated saline solution, dried over anhydrous sodium sulfate and then concentrated to give diethyl 3- 
methoxy-2,4,5-trifluorobenzoylma!onate (13.64 g) as brown oil. 

To the oily product, the malonate (13.55 g) were added water (20 ml) and p-toluenesulfonic acid (14 
mg), and the mixture was refluxed for 9 hours. After cooling, the reaction mixture was extracted with 
35 dichloromethane and the organic layer was washed with 7 % aqueous sodium bicarbonate solution and with 
saturated saline soluton succesively, dried over anhydrous sodium sulfate and then concentrated to give 
ethyl 3-methoxy-2,4,5-trifluorobenzoylacetate (10.29 g). • 

To the benzoyl acetate (9.79 g) were added acetic anhydride (9.6 g) and ethyl orthoformate (8.4 g), and 
the mixture was refluxed for 3 hours. After supplemented further acetic anhydride (3.2 g) and ethyl 
40 orthoformate (8.8 g), the mixture was refluxed for 8 hours, and then concentrated to give ethyl 2-(3- 
methoxy-2,4,5-trifluorobenzoyl)-3-ethoxyacrylate (9.73 g) as brown oil. 

To a solution of the acrylate (9.73 g) in ethanol (20 ml) was added cyclopropylamine (2.0 g) dropwise 
under cooling. After stirring for 2 hours at room temperature, the reaction mixture was concentrated and the 
residue was purified by silica gel column chromatography eluting with n-hexane-ethyl acetate (5:1) to give 
45 ethyl 2-(3-methoxy-2,4,5-trifluorobenzoyl)-3-cyclopropylaminoacrylate (7.52 g) as yellowish white crystals, 
mp 56-58 *C. 

Analysis (%) for Ci 5 Hi S F 3 NO*; Calcd. (Found): C. 55.98 (56.07); H, 4.70 (4.66); N, 4.08 (4.07). 

The mixture of the aminoacrylate (6.68 g), sodium fluoride (1 .31 g) and anhydrous dimethylformamide 
(26 ml) was refluxed for 5 hours. After cooling, the reaction mixture was poured into ice water (100 ml) and 
50 the resulting precipitate was collected by filtration, washed with water and recrystallized from ethyl acetate 
to give ethyl 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylate (4.53 g) as 
colorless needle, mp 178-180 *C. 

Analysis (%) for C16H15F2NCU; Calcd. (Found): C, 59.44 (59.34); H, 4.68 (4.59); N, 4.33 (4.33). 

To these crystals (4.5 g) was added a mixed solution of acetic acid (30 ml), concentrated sulfuric acid 
55 (4 ml) and water (22 ml), and the mixture was refluxed for 1 hour. After cooling, ice water (100 ml) was 
added and the resulting precipitate was collected by filtration, washed with water and then dried to give title 
compound (4 g) as colorless powder, mp 185-186 *C. 

Analysis (%) for Ci*H n F 2 NCU; Calcd. (Found): C, 56.95 (56.68); H, 3.76 (3.70); N. 4.74 (4.74). 
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Example 7. Synthesis of 7-(3-aminomethyl-l-pyrrolidinyl)-1-cyclopro^ 
oxo-3-quinolinecarboxylic acid 

A mixture of 1-cyclopropyl-6,7-difluorol-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (200 
5 mg), 3-aminomethylpyrrolidine (80 mg), DBU (110 mg) and anhydorous acetonitrile (3 ml) was refluxed for 
2.5 hours. After cooling, the resulting precipitate was collected by filtration and recrystallized from a solution 
of dichloromethane-methanol (1:1) to give the title compound (90 mg) as white powdery crystals, mp 198- 
200 *C. 

Analysis (%) for C19H22FN3O4; Calcd. (Found): C, 60.79 (60.39); H, 5.91 (5.87); N, 11.19 (11.07). 

10 

Example 8. Synthesis of 1-cyclopropyl-6-fluoro-1 ,4-dihydro-8-methoxy-7-(3-methylaminomethyl-1-pyr- 
rolidinyl)-4-oxo-3-quinolinecarboxylic acid 

A mixture of l-cyclopropyl-ey-difluoro-l^-dihydro-S-methoxy-^oxo-S-quinolinecarboxylic acid (200 
75 mg), 3-methylaminomethylpyrrolidine (90 mg), DBU (110 mg) and anhydrous acetonitrile (3 ml) was 
refluxed for 75 minutes. After cooling, the resulting precipitate was collected by filtration and recrystallized 
from a solution of dichloromethane-methanol (1:1) to give the title compound (130 mg) as white powdery 
crystals, mp 226.5-230 * C. 

Analysis (%) for C20H24FN3O4H/2 H 2 0; Calcd. (Found): C, 60.29 (60.49); H, 6.32 (6.08); N, 10.54 
20 (10.48). 

Example 9. Synthesis of v 1-cyclopropyl-7-(3-ethylaminomethyl-1-pyrrolidinyl)-6-fluoro-1 ,4-dihydro-8-methoxy- 
4-oxo-3-quinolinecarboxylic acid 

25 A mixture of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (200 
mg), 3-ethylaminomethylpyrrolidine (100 mg), DBU (110 mg) and anhydrous acetonitrile (3 ml) was refluxed 
for 6 hours. After cooling, the resulting precipitate was collected by filtration and recrystallized from 
methanol to give the title compound (120 mg) as colorless prisms, mp 217-219 'C. 

Analysis (%) for C21 H 26 FN 3 04*2/3 H 2 0; Calcd. (Found): C, 60.71 (60.59); H, 6.63 (6.43); N, 10.11 

30 (10.03). 

Referential example 3 

Synthesis of 1-cyclopropyl-6,7-difluoro-1 ,4-dihydro-8-methoxy-5-nitro-4-oxo-3-quinolinecarboxylic acid 

35 

To a solution of 1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid (490 
mg) in concentrated sulfuric acid (5 ml) was added potassium nitrate (235 mg) below 5 *C under stirring 
portionwise. After stirring for 45 minutes, the reaction mixture was poured into ice water (25 ml) and the 
resulting precipitate was collected by filtration, washed with cold water sufficiently, recrystallized from a 
40 solution of dichloromethane-methanol (1:1) to give the title compound (392 mg) as yellow prisms, mp 215.5- 
221 • C (decompd.). 

Analysis (%) for CuHioF 2 N 2 Os; Calcd. (Found): C, 49.42 (49.37); H, 2.96 (2.94); N, 8.23 (8.12). 
Referential example 4 

45 

Synthesis of 5-amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid 

To a solution of 1-cyclopropyl-6,7-difluoro-1,4<lihydro-8-methoxy-5-nitro-4-oxo-3-quinolinecarboxylic 
acid (322 mg) in ethanol-DMF (4:1) was added 10 % palladium-carbon (25 mg) and the mixture was stirred 
50 in hydrogen gas atomosphere for 6 hours at room temperature. The catalyst was filtered off and washed 
with a solution of chloroform-methanol-concentrated aqueous ammonia (10:10:3). The filtrate and washings 
were combined and concentrated. The residue was recrystallized from a solution of chloroform-methanol- 
concentrated aqueous ammonia (20:6:1) to give the title compound (183 mg) as yellow prisms, mp 291- 
291.5 'C (decompd.). 

55 Analysis (%) for C14H12F2N2O4; Calcd. (Found): C, 54.20 (54.46); H, 3.90 (3.89); N, 9.03 (8.97). 
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Example 10. Synthesis of 5-amino-l^yclopropyl-6-fluoro-1,^ 
quinolinecarboxylic acid 

A mixture of 5-aminc-1<yclopropyl-6 l 7-difluoro-1,4-d^ 

5 quinolinecarboxylic acid (72 mg), anhydrous piperazine (60 mg) and anhydrous DMSO (3 ml) was stirred for 
2 hours at 70 to 80 *C and then concentrated under reduced pressure. A solution of the residue into 
aqueous ethanol acidified with concentrated hydrochloric acid below pH 1. The solution was allowed to 
stand in a refrigerator. The resulting precipitate was collected by filtration and washed with aqueous ethanol, 
then with ethanol to give the title compound (33 mg) as yellow flaky crystals, mp 271-273 *C (decompd.). 

w Analysis (%) for C 18 H 2 iFN* O^HOhfeO; Calcd. (Found): C, 50.18 (50.28); H, 5.61 (5.48); N t 13.00 
(12.97). 

Example 11. Synthesis of 5-amino-7-(3-amino-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy- 
4-oxo-3-quinolinecarboxylic acid 

75 

A mixture of 5-amino-1-cyclopropyl-6,7-difluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarboxylic acid 
(90 mg), 3-t-butoxycarbonylaminopyrrolidine (115 mg), DBU (50 mg) and anhydrous acetonitrile (4 ml) was 
refluxed for 20 hours. After cooling, the resulting precipitate was collected by filtration and added to 
concentrated hydrochloric acid-methanol (1:1, 2 ml). The mixture was stirred for 10 minutes at room 
20 temperature, then neutralized with concentrated aqueous ammonia, and the precipitate was collected by 
filtration. A solution of the precipitate in cold water was acidified with concentrated hydrochloric acid below 
pH 1 and allowed to stand in a refrigerator. The resulting precipitate was collected by filtration and washed 
with cold diluted aqueous hydrochloric acid to give the title compound (35 mg) as yellow needles, mp 254- 
257 • C (decompd.). 

25 Analysis (%) for Ci 8 H 2 i FN 4 0**2 HCI; Calcd. (Found): C, 48.12 (48.16); H, 5.16 (5.53); N, 12.47 (12.52). 

Example 1 2. Synthesis of 1 -cyclopropyl-6-fluoro-1 ,4-dihydro-8-methoxy-4-oxo-7-(1 -piperazinyl)-3- 
quinolinecarboxylic acid 

30 To the solution of sodium methoxide prepared from sodium (0.2 g) and absolute ethanol (9 ml) was 
added 1-cyclopropyl-6,8-difluoro-1,4-dihydro-4-oxo-7-(1-piperazinyt)-3-quinoline carboxylic acid (0.5 g) and 
the mixture in sealed tube was heated for 72.5 hours at 140 to 150 *C. After cooling, the reaction mixture 
was concentrated, water (4 ml) was added to the residue, and the solution was adjusted to pH 7 with acetic 
acid. The insoluble materials were filtered off and the filtrate was allowed to stand in a refrigeretor. The 

35 resulting precipitate was collected by filtration and recrystallized from dichloromethane-methanol (2:1; 6 ml) 
to give the title compound (0.12 g) as colorless prisms, mp 185-187.5 *C (decompd.). 

Analysis (%) for C18H20FN3O4 -1/2^0; Calcd. (Found): C, 58.37 (57.98); H, 5.71 (5.52); N, 11.35 
(11.28). 

40 Example 13. Synthesis of 1-cyclopropyl-6-fluoro-1 ,4-dihydro-8-methoxy-7-(4-methyl-1-piperazinyl)-4-oxo-3- 
quinolinecarboxylic acid 

In a mixture of sodium formate (22 mg), 87 % formic acid (0.3 ml) and 37 % formalin (25 u\) and 1- 
cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-7-(1-ptperazinyl)-3-quinolinecarboxylic acid (60 mg) was 
45 stirred for 2 hours at 100 to 120 *C. After cooling, water (1 ml) was added to the reaction mixture and then 
concentrated. To the residue was added water (0.5 ml), adjusted to pH 7 with 1 N aqueous sodium 
hydroxide solution and the solution was allowed to stand in a refrigerator. The resulting precipitate was 
collected by filtration and washed with water to give the title compound (33 mg) as colorless needles, mp 
229-232 -C (decompd.). 

50 Analysis (%) for C19H22FN3O4; Calcd. (Found): C, 60.79 (60.80); H, 5.91 (5.90); N, 11.19 (11.15). 

Example 14. Synthesis of 1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-(3-methyl-1-piperazinyl)-4-oxo-3- 
quinolinecarboxylic acid 

55 To a solution of sodium methoxide prepared from sodium (0.4 g) and absolute methanol (20 ml) was 
added 1-cyclopropyl-6,8-difluoro-1.4-dihydro-7-(3-methyl-1-piperazinyl)-4-oxo-3-quinolinecarboxylic acid 
(1.12 g), and, the mixture in sealed tube was stirred for 70.5 hours at 140 to 150 *C and then concentrated. 
The residue was dissolved in small amount of water, the resulting solution was adjusted to pH 7 with acetic 
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acid and concentrated. The resulting residue was purified by silica gel column chromatography eluting with 
chloroform-methanol-concentrated aqueous ammonia (20:6:1) and recrystallized from methanol to give the 
title compound (0.33 g) as pale yellow prisms, mp 162- # C. 

Analysis (%) for Ci 9 H 22 FN 3 (V1/2 H 2 0; Calcd. (Found): C, 59.37 (59.48); H, 6.03 (5.70): N, 10.93 
5 (11.07). 

H-NMR (5 in CDCI 3 ): 8.79 (1H, s. 2-position), 7.85 (1H, m, J = 12.3 Hz, 5-position), 4.1-3.9 (1H, m, 



10 




3.77 (3H f s, OCH3). 3.5-2.9 (7H, m, piperazine), 1.3-1.0 (7H, m, 

CH3) 

20 Example 15. Synthesis of 7-(3-amino-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3- 
quinolinecarboxylicacid 

To a solution of sodium methoxide prepared from sodium (0.2 g) and absolute methanol (10 ml) was 
added 7-(3-amino-1 -pyrrolidinyl)-1-cyclopropyl-6,8-difluoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxylic acid 
25 (0.47 g) and the mixture in sealed tube was stirred for 49 hours at 140 to 150 *C and then concentrated. 
The residue was purified by silica gel column chromatography eluting with chloroform-methanol-con- 
centrated aqueous ammonia (20:6:1) and recrystallized from a solution of dichloromethanemethanol (1:1) to 
give the title compound (6 mg) as pale yellow prisms, mp 207.5-212 

Analysis (%) for C 18 H 2 oFN 3 04 •HsO; Calcd. (Found): C, 56.99 (57.19); H, 5.82 (5.38); N, 11.13 (10.86). 
30 Mass analysis (m/e): 361 (M + ), 362 (M + + 1). 

H-NMR (6 in D 2 0, NaOD): 8.48 (1H, s, 2-position), 7.62 (1H, d, J = 14.5 Hz, 5-position), 4.1-3.9 (1H, m, 

*3 '• 

3.55 (3H, s, OCH3), 3.8-3.2 (5H, m, 

-nIh >' 

2.3-1.6 (2H, m, 

45 

50 

1.2-0.9 (4H, m, 



55 
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Example 16. Synthesis of 7-(3-amino-4-methyl-1-pyrro1idinyl)-1-cyclopro^ 
4-oxo-3-quinollnecarboxylic acid 

To a solution of sodium methoxide prepared from sodium (50 mg) and absolute methanol (3 ml) was 
5 added 7-(3-amino-4-methyl-1 -pyrrolidinyl)-1 -cyclopropyl-6,8-difluoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxylic 
acid (80 mg) and the mixture in sealed tube was stirred for 86 hours at 140 to 150 *C and then 
concentrated. Small amount of water was added to the residue, and the solution was adjusted pH 7 with 
acetic acid and concentrated. The resulting residue was purified by silica gel column chromatography 
eluting with chloroform-methanol-concentrated aqueous ammonia (20:6:1 ) and recrystallized from a solution 
jo of dichloromethanemethanol (1:1) to give the title compound (9 mg) as pale yellow prisms, mp 191.5-193.5 
•C. 

Analysis (%) for Ci9H 22 FN 3 (W/5 H 2 0; Calcd. (Found): C, 56.96 (57.10); H, 6.24 (5.98); N, 10.49 
(10.42). 

H-NMR (5 in D 2 0, NaOD): 8.47 (1H, s, 2-position), 7.57 (1H, d, J = 14.5 Hz, 5-position), 4.1-3.9 (1H, m, 

75 

"<i >• 

20 3.51 (3H f s, OCH3), 3.8-3.2 (4H, m, 



25 




3.2-2.9 (1H, q, 

-Qh ) < 
— 

2.1-1.7 (1H, m, 
35 M 

1.09 (3H, d, J = 6.59 Hz, 

40 

45 1.3-0.7 (4H,m, 



Example 17. Synthesis of 7-(3-aminomethyl-1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-4- 
oxo-3-quinolinecarboxylic acid 

55 To a solution of sodium methoxide prepared from sodium (0.2 g) and absolute methanol (9 ml) was 
added 7-(3-aminomethyl-1 -pyrrolidinyl)-1 -cyclopropyl-6,8-difluoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxylic 
acid (0.5 g) and the mixture in sealed tube was stirred for 86 hours at 140 to 150 *C and then 
concentrated. Small amount of water was added to the residue, and the solution was adjusted pH 7 with 
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acetic acid and then concentrated. The resulting residue was purified by silica gel column chromatography 
eluting with chloroform-methanol-concentrated aqueous ammonia (20:6:1) and recrystallized from methanol 
to give the title compound (40 mg) as pale yellow prisms, mp 225-228.5 * C (decompd.). 

Analysis (%) for Ci 9 H 22 FN 3 0**2/3 H 2 0; Calcd. (Found): C, 58.91 (58.73); H, 6.07 (5.92); N, 10.85 
5 (10.88). 

Example 18. Synthesis of 1-cyclopropyl-6-fluoro-1,4-dihydro-8-ethoxy-4-oxo-7-(1-piperazinyl)-3-quinolinecar- 
boxylic acid 

w To a solution of sodium ethoxide prepared from sodium (0.75 g) and absolute ethanol (30 ml) was 
added 1-cyclopropyl-6,8-difluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid (0.8 g) and 
the mixture in sealed tube was stirred for 52 hours at 140 to 150 *C and then concentrated. Water (60 ml) 
was added to the residue, and the solution was adjusted pH 7 with acetic acid and and extracted with 
chloroform. The chloroform layer was washed with saturated saline solution, dried over anhydrous sodium 

75 sulfate and then concentrated. The resulting residue was purified by silica gel column chromatography 
eluting with chloroform-methanol (2:1) — chloroform-methanol-concentrated aqueous ammonia (20:6:1 — 
10:10:1) and recrystallized from ethanol to give the title compound (75 mg) as light brown prisms, mp 119- 
122 -C. 

Analysis (%) for Ci 9 H 22 FN 3 0*.1/2 H 2 0; Calcd. (Found): C, 59.37 (59.60); H, 6.03 (6.04); N, 10.93 
20 (10.85). 

Test example 1 . Antibacterial spectra 

The antibacterial test was carried out according to the method designated by Japan Society of 
25 Chemotherapy. The results are shown in Table 1 . 



30 



35 



40 



45 



50 



55 
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Table 1-a 





In vitro antibacterial activity 


5 


Organism (10 6 cells/ml) 




Gram 


MIC (ug/ml) 










Exp. 1 


Exp. 2 


Exp. 3 


bXp. 4 




bacillus suDtiiis rui 219 


+ 


0.025 


0.025 


0.025 


0.025 


10 


Staphylococcus aureus 209 P 


+ 


0.10 


0.10 


0.10 


0.05 


b. aureus nu o7U (lerajima) 


+ 


0.10 


0.10 


0.10 


A AC 

0.05 




S. aureus Smith 


+ 


0.10 


0.10 


0.10 


0.05 




S. epidermidis IID 866 


+ 


0.10 


0.10 


0.10 


A < A 
0.10 


15 


Streptococcus pyogenes (S-8) 


+ 








A AC 

0.05 | 




b. pyogenes iiu b92 


+ 








0.10 




S. pneumoniae IID 552 


+ 








A -4 A 
0.10 


20 


b. taecaiis nu oo2 


+ 








0.10 




CnnUnnAkln M |! IVIILJ 1 IP O 

Escherichia com inimj jo- 2 




✓A nnco 

20.0063 


0.0125 


*"A onco 

20.0063 


0.0125 




b. COII A 1 OO iUdoo 




0.025 


A AOC 

0.025 


a m oc 
0.0125 


A AOC 

0.025 


25 


b. COM ML 4707 




0.025 


0.025 


0.0125 


0.025 


Proteus vulgaris IFO 3167 




0.0125 


0.025 


0.025 


A AOC 

0.025 




p. miraoiiis IID 994 




0.025 


0.05 


0.025 


0.05 




Morganella morganii IID 602 




0.05 


0.10 


0.10 


A AC 

0.05 


30 


Klebsiella pneumoniae KY(bN)o445 




0.025 


A AC 

0.05 


A AOC 

0.025 


A AC 

0.05 




K. pneumoniae 1-220S 




0.05 


0.10 


0.05 


0.05 




Enterobacter cloacae IID 977 




0.05 


0.10 


A AC 

0.05 


0.05 


35 


Citrobacter freundii IID 976 




A AOC 

0.025 


A AC 

0.05 


A AOC 
0.025 


A AC 

0.05 




oerraua marcescens nu oio 




0.05 


0.10 


A 4 A 
0.10 


A AC 

0.05 




Shigella sonnei IID 969 




A A1 OC 

U.Ul cX> 


A AOC 


a ai oc 


A AOC 


40 


Salmonella enteritidis IID 604 




0.05 


0.10 


0.05 


0.05 


Pseudomonas aeruginosa V-1 




0.10 


0.39 


0.20 


0.39 




P. aeruginosa IFO 12689 




0.78 


1.56 


1.56 


0.39 




P. aeruginosa IID 1210 




0.39 


1.56 


1.56 


0.39 


45 


P. cepacia GIFU 518 




0.78 


1.56 


1.56 


0.39 




P. maltophilia GIFU 2491 




0.39 


0.20 


0.20 


0.10 




Yersinia enterocolitica IID 981 




0.05 


0.10 


0.05 


0.05 


50 


Acinetobacter anitratus IID 876 




0.10 


0.10 


0.10 


0.05 




Alcaligenes faecalis 0114002 




0.20 


0.39 


0.39 


0.39 
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Table 1-b 



In vitro antibacterial activity 


Organism (10* cells/ml) 


Gram 


MIC (ug/ml) 


Exp. 1 


Exp. 2 


Exp. 3 


Exp. 4 


Bacteroides fragilis GM 7000 




0.78 


0.39 


0.39 


0.20 


B. tragi lis 0558 




0.39 


0.20 


0.39 


0.10 


B. fragilis 25285 




0.39 


0.39 


0.39 


0.10 


B. distasonis 8503 




1.56 


0.39 


0.78 


0.78 


B. thetaiotaomicron (0661) 




1.56 


1.56 


0.78 


0.20 


B. vulgatus KYA 29327 




0.78 


0.39 


0.78 


0.39 


Fusobacterium mortiferum 4249 




0.39 


0.78 


0.78 


0.20 


F. necrophorum S-45 




0.39 


0.78 


0.39 


0.20 


F. varium KYA 8501 




O.IO 


O.miO 




1 .OD 


tuuactenum lentum «ai 0^4^ 


+ 


0.20 


0.20 


0.20 


0.10 


Propionibacterium acens 1 1 828 


+ 


3.13 


6.25 


6.25 


1.56 


Peptococcus magnus KY 017 


+ 


0.20 


0.20 


0.20 


0.10 


Clostridium difficile l-E 


+ 


3.13 


1.56 


3.13 


0.39 


C. perfringens KYA 13123 


+ 


0.39 


0.39 


0.39 


0.20 


C. ramosum 


+ 


3.13 


3.13 


3.13 


0.78 


Peptostreptococcus anaerobius KYA 27337 


+ 


0.39 


0.78 


0.39 


0.20 


Pst. micros UPI 5464-1 


+ 


0.20 


0.39 


0.20 


0.20 


Veillonella parvula KYA 10790 




0.20 


0.39 | 


0.20 


0.20 
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Table 1-c 





In vitro antibacterial activity 


5 


Organism (10 6 cells/ml) 




Gram 


MIC (ug/ml) 










Exp. 5 


Exp. 6 


Exp. 7 


Exp. 8 




Bacillus subtilis PCI 219 


+ 


0.0125 


0.0125 


0.025 


0.025 


70 


Staphylococcus aureus 209 P 


+ 


0.025 


0.025 


0.025 


0.05 


S. aureus I ID 670 (Terajima) 


+ 


0.05 


0.05 


0.025 


0.05 




S. aureus Smith 


+ 


0.05 


0.05 


0.05 


0.05 . 




S. epidermidis IID 866 


+ 


0.10 


0.10 


0.05 


0.05 


75 


Streptococcus pyogenes (S-8) 


+ 


0.10 


0.05 




0.05 




S. pyogenes IID 692 


+ 


0.10 


0.10 




0.05 




S. pneumoniae IID 552 


+ 


0.10 


0.10 




0.05 


20 


E. faecalis IID 682 


+ 


0.10 


0.10 




0.05 




Escherichia coh NIHJ JC-2 




0.0125 


0.0125 


0.025 


0.025 




E. coll ATCC 1 0536 




0.0125 


0.0125 


0.05 


0.05 


25 


E. coh ML 4707 




0.025 


0.0125 


0.05 


0.05 


Proteus vulgaris IFO 3167 




0.025 


0.05 


0.05 


0.05 




P. mirabihs IID 994 




0.05 


0.05 


0.05 


0.05 




Morganella morganii IID 602 




0.05 


0.10 


0.20 


0.39 


30 


Klebsiella pneumoniae KY(GN)6445 




0.025 


0.05 


0.05 


0.05 




K. pneumoniae 1 -220S 




0.05 


0.05 


0.10 


0.10 




Enterobacter cloacae IID 977 




0.05 


0.05 


0.10 


0.20 


35 


Citrobacter freundii IID 976 




0.05 


0.05 


0.05 


0.05 




berratia marcescens hu bio 




0.05 


0.05 


0.20 


0.20 




Shigella sonnei IID 969 






U.Ul <to 


n nc 
U.Ub 


U.UO 


40 


Salmonella enteritidis IID 604 




0.05 


0.05 


0.05 


0.10 


Pseudomonas aeruginosa V-1 




0.78 


0.78 


0.20 


0.78 




P. aeruginosa IFO 12689 




0.78 ! 


0.78 


0.78 


3.13 




P. aeruginosa IID 1210 




0.78 


0.78 


0.78 


12.5 


45 


P. cepacia GIFU 518 




0.78 


0.39 


0.78 


1.56 




P. maltophilia GIFU 2491 




0.10 


0.05 j 


0.20 


0.39 




Yersinia enterocolitica IID 981 




0.05 


0.05 


0.10 


0.10 


50 


Acinetobacter anitratus IID 876 




0.05 


0.05 


0.05 


0.20 




Alcaiigenes faecalis 0114002 




0.20 


0.20 


0.39 


1.56 
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Table 1-d 



In vitro antibacterial activity 


Organism (10 6 cells/ml) 


Gram 


MIC (ug/ml) 


Exp. 5 


Exp. 6 


Exp. 7 


Exp. 8 


□acteroiaes tragi us um /uuu 




0.10 


0.10 


0.39 


0.39 


b. rragiiis ubbo 




0.10 


A 4 A 

0.10 


0.20 


0.39 


b. tragi iis ^b^ob 




0.10 


0.10 


0.20 


0.39 


B. distasonis 8503 




0.39 


0.39 


0.78 


3.13 


b. tnetaiotaomicron (Uobi ) 




0.10 


0.20 


0.39 


3.13 


d. vuigatus kya <i9o27 




0.20 


0.20 


0.39 


3.13 


Fusobacterium mortiferum 4249 




0.20 


0.20 


0.20 


0.39 


F. necrophorum S-45 




0.20 


0.20 


0.20 


0.39 


r. varium kya oou i 




1 .DO 


1 .ob 


U./O 


O.M 


tuDacxenum lentum oai d^.h£. 




£0.05 


£0.05 


0.39 


0.20 


Propionibacterium acens 11828 


+ 


1.56 


3.13 


0.39 


0.78 


Peptococcus magnus KY 017 


+ 


0.10 


£0.05 


0.05 


£0.05 


Clostridium difficile l-E 


+ 


0.39 


0.78 


0.39 




C. perfringens KYA 13123 


+ 


0.20 


0.20 


0.20 


0.20 


C. ramosum 


+ 


0.78 


0.78 


0.78 


0.39 


Peptostreptococcus anaerobius KYA 27337 


+ 


0.20 


0.10 


0.05 


0.20 


Pst. micros UPI 5464-1 


+ 


0.20 


0.20 


0.10 


0.39 


Veillonella parvula KYA 10790 




0.20 


0.20 


0.10 


0.39 
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Table 1-e 





In vitro antibacterial activity 


5 


Organism (10° cells/ml) 


Gram 


MIC (ug/ml) 








Exp. 9 


Exp. 10 


Exp.1 1 


Exp. 18 




bacillus SUDtillS PUI 219 


+ 


0.0063 


0.025 


0.0125 


20.05 


10 


Staphylococcus aureus 209 P 


+ 


0.0125 


0.05 


0.025 


0.20 


S. aureus IID 670 (Terajima) 


+ 


0.0125 


0.10 


0.05 


0.39 




S. aureus Smith 


+ 


0.0125 


0.10 


0.025 


0.39 




o. epidermidis iiu odd 


+ 


0.025 






0.39 


15 


Streptococcus pyogenes (S-8) . 


+ 


0.025 


0.39 


0.20 


1 .56 




S. pyogenes IID 692 


+ 


0.05 


>0.78 


0.39 


3.13 




S. pneumoniae IID 552 


+ 


0.025 


>0.78 


0.20 


0.78 


20 


c. faecaiis Iiu 682 


+ 


0.05 


0.39 


0.20 


1 .56 




Escherichia coli NlHJ Jo-2 




0.0063 


ft noc 
0.025 


ft norr 
0.025 


20.05 




E. COll ATOO 10536 




0.025 


0.05 


0.025 


20.05 


25 


E. COll ML 4707 




0.025 


0.05 


0.025 


20.05 


Proteus vulgaris IFO 3167 




0.025 


0.10 


0.20 


20.05 




r. miraDilis llu 994 




0.025 


0.20 


0.10 


0.10 




Morganella morganii HD 602 




0.20 


0.20 


0.20 


0.39 


30 


Klebsiella pneumoniae KY(GN)6445 




0.05 


0.05 


0.05 


20.05 




K. pneumoniae 1-220S 




0.10 


0.20 


0.20 


0.20 




Enterobacter cloacae IID 977 




0.10 


0.20 


0.05 


0.20 


35 


Citrobacter freundu IID 976 




0.055 


0.05 


0.05 


0.10 




Serratia marcescens IID 618 




0.10 


0.20 


0.20 


0.20 




cuImaIu mammas 1 1 p\ ncn 

Shigella sonnei IID 969 




n nop 

U.U<£D 


n noi; 
U.U^O 


ft noc 




40 


oaimonena enieriuais iiu ou*t 




0.05 


0.20 


0.10 


0.10 


Pseudomonas aeruginosa V-1 




0.39 


0.39 


0.78 


0.78 




P. aeruginosa IFO 12689 




1.56 | 


1.56 


1.56 


3.13 




P. aeruginosa IID 1210 




6.25 


1.56 


1.56 


6.25 


45 


P. cepacia GIFU 518 




0.78 


1.56 


1.56 


3.13 




P. maltophilia GIFU 2491 




0.20 


0.20 


0.20 


0.39 




Yersinia enterocolitica IID 981 




0.10 


0.20 


0.10 


0.20 


50 


Acinetobacter anitratus IID 876 




0.05 


0.10 


0.05 


0.10 




Alcaligenes faecaiis 0114002 




0.78 


0.78 


0.78 


0.78 I 
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Table 1-f 



In vitro antibacterial activity 


urganism (10° cells/ml) 


Gram 


MIC (ug/ml) 


[Z. Ci 

bXp. 9 


Exp. 10 


Exp.1 1 


Exp. 18 


Bacteroides tragi lis GM 7000 




0.10 


3.13 


1.56 


3.13 


b. tragi us Oooo 




0.10 


3.13 


h cc 

1.56 


HOC 

12.5 


d. tragilis 2o2bo 




0.10 


3.13 


1.56 


3.13 


B. distasonis 8503 




n to 

0.78 


c oc 
0.25 


h o c 

12.5 


HOC 

12.5 


b. tnetaiotaomicron (Obo i ) 




0.78 


c oc 

6.25 


1 .56 


•IOC 

12.5 


B. vulgatus KYA 29327 




0.39 


0.39 


ft ~70 

0.78 


HOC 

12.5 


Fusobacterium mortiferum 4249 




n oo 
0.20 


H CC 

1 .00 


OHO 
O.I J 


OHO 

o.lo 


F. necrophorum S-45 




ft Oft 

0.20 


h cc 
1 .Ob 


H CC 

I .bb 


OHO 

o.lo 


r. vanum kya ooui 




1 .00 


DU 


cO 


to 


cuDacienum lenium umi oc*tc 




0.10 


0.78 


0.39 


1.56 


Propionibacterium acens 11828 


+ 


1.56 


12.5 


6.25 


12.5 


Peptococcus magnus KY 017 


+ 


£0.05 


1.56 


0.78 


0.78 


Clostridium difficile l-E 


+ 










C. perfringens KYA 13123 


+ 


£0.05 


3.13 


0.78 


1.56 


C. ramosum 


+ 


0.20 


1.56 


1.56 




Peptostreptococcus anaerobius KYA 27337 


+ 


£0.05 


1.56 


0.78 


3.13 


Pst micros UPI 5464-1 


+ 


0.39 


0.39 


0.78 


0.78 


Veillonella parvula KYA 10790 




0.39 


0.39 


0.78 


0.78 



35 



40 



45 



50 
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Table 1-g 





In vitro antibacterial activity | 


5 


urganism (iu° cens/mi) 


Gram 


MIC ( g/ml) 








CPFX 


MNZ 




bacillus SUDtlllS PUI 219 


+ 


0.05 




10 


Staphylococcus aureus 209 P 


+ 


0.20 




S. aureus 110 670 (Terajima) 


+ 


0.20 






S. aureus Smith 


+ 


0.39 






b. epidermidis nu odd 


+ 


0.20 




75 


Streptococcus pyogenes (S-8) 


+ 


0.39 






o. pyogenes nu o92 


+ 


0.78 






S. pneumoniae IID 552 


+ 


0.78 




20 


b. taecaiis nu oo2 


+ 


0.78 






tscnencnia con rsiirij ju-^ 




0.0063 






b. COli AIOU lUoob 




0.0125 




25 


b. COll ML 4/UY 




0.0125 




Proteins vulgaris IFO 3167 




0.0125 






r. miraDiiis IIU 994 




0.0125 






Morganella morganii IID 602 




0.025 




30 


Klebsiella pneumoniae i\Y(biN)o44o 




0.0125 






K. pneumoniae 1-220S 




0.025 






Enterobacter cloacae IID 977 




0.025 




35 


Citrobacter freundii IID 976 




0.0063 






Serratia marcescens IID 618 




0.025 






Shigella sonnei IID 969 




U.UUdo 




40 


oaimoneiia enieniiuis nu OU4 




0.025 




Pseudomonas aeruginosa V-1 




0.05 






P. aeruginosa IFO 12689 




0.20 






P. aeruginosa IID 1210 




0.78 




45 


P. cepacia GIFU 518 




0.39 






P. maltophilia GIFU 2491 




0.39 






Yersinia enterocolitica IID 981 




0.025 




50 


Acinetobacter anitratus IID 876 




0.10 






Alcaligenes faecalis 01 1 4002 




0.39 
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Table 1-h 



In vitro antibacterial activity 


Organism (10* cells/ml) 


Gram 


MIC ( g/ml) 


CPFX 


MNZ 


Bacteroides fragilis GM 7000 




6.25 


0.78 


B. fragilis 0558 




3.13 


0.78 


B. fragilis 25285 




3.13 


0.78 


B. distasonis 8503 




6.25 


0.39 


B. thetaiotaomicron (0661) 




>12.5 


0.78 


B. vulgatus KYA 29327 




>12.5 


0.39 


Fusobacterium mortiferum 4249 




1 .56 


0.20 


F. necrophorum S-45 




0.78 




r. vanum KYA 8501 






ft OQ 

u.jy 


Eu bacterium lentum GAI 5242 


+ 


0.78 


0.10 


Propionibacterium acens 11828 


+ 


12.5 


0.78 


Peptococcus magnus KY 017 


+ 


0.39 


0.78 


Clostridium difficile l-E 


+ 


12.5 


0.20 


C. perfringens KYA 1 31 23 j 


+ 


0.39 


0.10 


C. ramosum 


+ 


12.5 


0.39 


Peptostreptococcus anaerobius KYA 27337 


+ 


1.56 




Pst. micros UPI 5464-1 


+ 


0.20 


0.78 


Veillonella parvula KYA 10790 




0.20 


0.78 



Contrast compounds 



CPFX : Ciprofloxacin 
40 MNZ : Metronidazole 

The compounds of the invention was more excellent against gram-positive bacteria than ciprofloxacin 
known hitherto and exhibited high activity against anaerobic bacteria equal to metronidazole being 
recommended by medical specialists. 

45 Claims 

1. 8-Alkoxyquinolonecarboxylic acid derivatives represented by the formula (I): 



R 2 O 



55 




(I) 
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wherein R indicates a hydrogen atom or an alkyl group having from 1 to 5 carbon atoms, R 1 indicates 
an alkyl group having from 1 to 5 carbon atoms, R 2 indicates a hydrogen atom, an amino group or a 
nitro group, X indicates a halogen atom, and Z indicates a halogen atom, a piperazino group, an N- 
methylpiperazino group, a 3-methylpiperazino group, a 3-hydroxypyrrolidino group or a pyrrolidino 
group of the following formula. 




(wherein n is 0 or 1 , R 3 indicates a hydrogen atom or an alkyl group having from 1 to 5 carbon atoms, 
R 4 indicates a hydrogen atom or an alkyl group having from 1 to 5 carbon atoms, optionally substituted 
by a hydroxy group or a halogen atom and R 5 indicates a hydrogen atom, an alkyl group having from 1 
to 5 carbon atoms, an acyl group or an alkoxy carbon y I group), the hydrates or the pharmaceutically 
acceptable acid addition or alkali salts thereof. 

2. An antibacterial agent comprising at least one derivative according to claim 1 as effective ingredient. 

3. A process for the preparation of the derivatives of formula (I) according to claim 1, wherein R, R\ R 2 
and X are as defined in claim 1 and Z is Z 1 which indicates a piperazino group, an N-methylpiperazino 
group, a 3-methylpiperazino group, a 3-hydroxypyrrolidino group or a pyrrolidino group of the formula 
as defined in claim 1, the hydrates or the pharmaceutically acceptable acid addition or alkali salts 
thereof, characterized in that a compound represented by the general formula (II): 



R 2 O 




wherein R, R\ R 2 and X are as defined above and Y indicates the same or a different halogen atom as 

X, 

is condensed with an amine represented by the general formula (III) 
Z'-H (III) 

wherein Z y is as defined above. 

4. A process for the preparation of the derivatives of formula (I) according to claim 1, wherein R 1 , R 2 , X 
and Z are as defined in claim 1 and R is a hydrogen atom, the hydrates or the pharmaceutically 
acceptable acid addition or alkali salts thereof, characterized in that a compound represented by the 
general formula (V): 
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5 




JO 

wherein R\ R 2 , X and Z are as defined above and Alk indicates an alkyl group having from 1 to 5 
carbon atoms, is hydrolized. 

5. A process for the preparation of the derivatives of formula (I) according to claim 1, wherein R, R\ R 2 
75 and X are as defined in claim 1 and Z is Z 3 which indicates a pyrrolidine group of the formula as 

defined in claim 1 (wherein R 3 , R 4 and n are as defined in claim 1 and R 5 indicates a hydrogen atom), 
the hydrates or the pharmaceutical^ acceptable acid addition or alkali salts thereof, characterized In 
that a derivative represented by the general formula (I) as defined In claim 1 wherein R 5 indicates an 
acyl group or an alkoxycarbonyl group is submitted to deacylation. 

20 

6. A process for the preparation of the derivatives of formula (I) according to claim 1, wherein R, R\ R 2 
and X are as defined in claim 1 and Z is Z 1 which is as defined in claim 3, the hydrates or the 
pharmaceutical^ acceptable acid addition or alkali salts thereof, characterized in that a compound 
represented by the general formula (IX): 

25 

R 2 O 



30 




wherein R, R 2 , X and Z are as defined above and Hal indicates the same or a different halogen atom as 
X, is allowed to condense with an alcohol represented by the general formula (X) 

40 R'-OH (X) 

wherein R 1 indicates an alkyl group having from 1 to 5 carbon atoms, in the presence of a basic 
catalyst. 

45 7. The process according to claim 6, wherein the basic catalyst is an alkali metal alcoholate. 
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PatentansprUche 

1. 8-Alkoxychinoloncarbonsaurederivate der Formel (I): 

R 2 O 




COOR 



(I) 



15 worin R ein Wasserstoffatom oder eine Alkylgruppe mit 1 bis 5 Kohlenstoffatomen, R 1 eine Alkylgruppe 
mit 1 bis 5 Kohlenstoffatomen, R 2 ein Wasserstoffatom, eine Aminogruppe Oder eine Nitrogruppe, X ein 
Halogenatom und Z ein Halogenatom, eine Piperazinogruppe, N-Methylpiperazinogruppe, 3- Methyl pi pe- 
razinogruppe, 3-Hydroxypyrrolidinogruppe Oder eine Pyrrolidinogruppe der folgenden Formel: 



20 



25 




R 4 



(CH 2 ) n -N 



R 5 



(worin n 0 Oder 1 ist, R 3 ein Wasserstoffatom oder eine Alkylgruppe mit 1 bis 5 Kohlenstoffatomen, R* 
30 ein Wasserstoffatom oder eine Alkylgruppe mit 1 bis 5 Kohlenstoffatomen, welche wahlweise durch 
eine Hydroxygruppe oder ein Halogenatom substituiert ist, und R s ein Wasserstoffatom, eine Alkylgrup- 
pe mit 1 bis 5 Kohlenstoffatomen, eine Acylgruppe oder Alkoxycarbonylgruppe bedeuten) bedeuten, 
Hydrate oder pharmazeutisch annehmbare Saureadditions- oder Alkalisalze davon. 

35 2. . Antibakterielles Mittel, umfassend mindestens ein Derivat nach Anspruch 1 ais Wirkstoff. 

3. Verfahren zur Herstellung der Derivate der Formel (I) nach Anspruch 1, worin R, R\ R 2 und X wie in 
Anspruch 1 definiert sind und Z die Bedeutung Z 1 hat, welches fOr eine Piperazinogruppe, N- 
Methylpiperazinogruppe, 3-Methylpiperazinogruppe, 3-Hydroxypyrrolidinogruppe oder Pyrrolidinogrup- 
40 pe der in Anspruch 1 definierten Formel steht, der Hydrate oder pharmazeutisch annehmbaren 
Saureadditions- oder Alkalisalze davon, dadurch gekennzeichnet, daB eine Verbindung der allgemei- 
nen Formel (II): 



R 2 O 



50 




55 worin R, R\ R 2 und X wie oben definiert sind und Y das gleiche oder ein von X verschiedenes 
Halogenatom darstellt, 

mit einem Amin der allgemeinen Formel (III) 
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Z 1 -H (111) 

worin Z 1 wie oben definiert ist, kondensiert wird. 

5 4. Verfahren zur Herstellung der Derivate der Formel (I) nach Anspruch 1, worin R\ R 2 , X und Z wie in 
Anspruch 1 definiert sind und R ein Wasserstoffatom ist, der Hydrate Oder pharmazeutisch annehmba- 
ren Saureadditions- oder Alkalisalze hiervon, dadurch gekennzelchnet, daB eine Verbindung der 
allgemeinen Formel (V) 

10 



R 2 O 



75 




20 

worin R 1 , R 2 , X und Z wie oben definiert sind und Alk eine Alkylgruppe mit 1 bis 5 Kohlenstoffatomen 
bedeutet, hydrolysiert wird. 

5. Verfahren zur Herstellung der Derivate der Formel (I) nach Anspruch 1, worin R, R\ R 2 und X wie in 
25 Anspruch 1 definiert sind und Z die Bedeutung Z 3 hat, welches fUr eine Pyrrolidinogruppe der in 

Anspruch 1 definierten Formel steht (worin R 3 , R* und n wie in Anspruch 1 definiert sind und R 5 ein 
Wasserstoffatom bedeutet), der Hydrate Oder pharmazeutisch annehmbaren Saureadditions- oder 
Alkalisalze davon, dadurch gekennzelchnet, daB ein Derivat der allgemeinen Formel (I), wie in 
Anspruch 1 definiert, worin R 5 eine Acylgruppe oder eine Alkoxycarbonylgruppe bedeutet, einer 
30 Deacylierung zugefUhrt wird. 

6. Verfahren zur Herstellung der Derivate der Formel (I) nach Anspruch 1, worin R, R\ R 2 und X wie in 
Anspruch 1 definiert sind und Z die Bedeutung Z 1 hat, welches wie in Anspruch 3 definiert ist, der 
Hydrate oder pharmazeutisch annehmbaren Saureadditions- oder Alkalisalze davon, dadurch gekenn- 

35 zeichnet, daS eine Verbindung der allgemeinen Formel (IX) 



R 2 O 



40 



45 




worin R, R 2 , X und Z wie oben definiert sind und Hal das gleiche oder ein von X verschiedenes 
50 Halogenatom bedeutet, mit einem Alkohol der allgemeinen Formel (X) 

R^OH (X) 

worin R 1 eine Alkylgruppe mit 1 bis 5 Kohlenstoffatomen bedeutet, in Gegenwart eines basischen 
55 Katalysators kondensieren gelassen wird. 

7. Verfahren nach Anspruch 6, wobei der basische Katalysator ein Alkalimetallalkoholat ist. 
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Revendlcations 

1. Derives d'acide 8-alkoxyquino!onecarboxylique represents par la formule (I) : 



w 




(I) 



75 

dans laquelle R represente un atome d'hydrogene ou un groupe alkyle comportant de 1 a 5 atomes de 
carbone, R 1 represente un groupe alkyle comportant de 1 a 5 atomes de carbone, R 2 represente un 
atome d'hydrogene, un groupe amino ou un groupe nitro, X represente un atome d'halogene, et 2 
represente un atome d'halogene, un groupe pipeVazino, un groupe N-methylpiperazino, un groupe 3- 
20 methylpiperazino, un groupe 3-hydroxypyrrolidino ou un groupe pyrrolidino correspondant a la formule 
suivante : 



25 



30 




R3 



(CH 2 ) n -N 



R 4 



R* 



(dans laquelle n est egal a 0 ou 1, R 3 represente un atome d'hydrogene ou un groupe alkyle 
comportant de 1 a 5 atomes de carbone, R 4 represente un atome d'hydrogene ou un groupe alkyle 
35 comportant de 1 a 5 atomes de carbone, eventuellement substitue avec un groupe hydroxy ou un 
atome d'halogene, et R 5 represente un atome d'hydrogene, un groupe alkyle comportant de 1 a 5 
atomes de carbone, un groupe acyle ou un groupe alkoxycarbonyle), les hydrates ou les sels alcalins 
ou d 'addition avec un acide pharmaceutiquement acceptable de ceux-ci. 

40 2. Agent antibacterien comprenant au moins un derive selon la revendication 1 en tant qu'ingredient actif. 

3. Procede de preparation des derives de formule (I) selon la revendication 1, dans laquelle R, R\ R 2 et X 
sont tels que d^finis dans la revendication 1, et 2 represente 2 1 qui correspond a un groupe 
piperazino, un groupe N-methylpiperazino, un groupe 3-methylpiperazino, un groupe 3-hydroxypyrroli- 
45 dino ou un groupe pyrrolidono de formule telle que definie dans la revendication 1 , les hydrates ou les 
sels alcalin ou d'addition avec un acide pharmaceutiquement acceptable de ceux-ci, caracterise en ce 
qu'on condense un compose represente par la formule generate (II) : 



50 



55 
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dans laquelle R, R\ R 2 et X sont tels que definis ci-dessus, et Y represente un atome d'halogene 
identique ou different de X, 

avec une amine representee par la formule gene rale (111) : 
Z 1 -H (III) 

dans laquelle Z 1 est tel que defini ci-dessus. 

4. Procede de preparation des derives de formule (I) selon la revendication 1, dans laquelle R\ R 2 , X et Z 
sont tels que definis dans la revendication 1, et R represente un atome d'hydrogfcne, de leurs hydrates 
ou de leurs sels alcalin ou d'addition avec un acide pharmaceutiquement acceptable, caracterise en ce 
qu'on hydrolyse un compose represente par la formule gen£rale (V) : 




dans laquelle R\ R 2 , X et Z sont tels que definis ci-dessus, et Alk represente un groupe alkyle 
comportant de 1 a 5 atomes de carbone. 

5. Procede de preparation des derives de formule (I) selon la revendication 1, dans laquelle R, R\ R 2 et X 
sont tels que definis dans la revendication 1 , et Z represente Z 3 correspondant a un groupe pyrrolidino 
de formule d6finie dans la revendication 1 (dans laquelle R 3 , R 4 et n sont tels que definis dans la 
revendication 1 et R 5 represente un atome d'hydrogene), de leurs hydrates ou de leurs sels alcalins ou 
d'addition avec un acide pharmaceutiquement acceptable, caracterise en ce qu'on soumet a une 
desacylation, un derive represente par la formule generate (I) d^finie dans la revendication 1 dans 
laquelle R 5 represente un groupe acyle ou un groupe alkoxycarbonyle. 

6. Procede de preparation des derives de formule (I) selon la revendication 1, dans laquelle R, R\ R 2 et X 
sont tels que definis dans la revendication 1 , et Z represente Z 1 defini dans la revendication 3, de leurs 
hydrates ou de leurs sels alcalins ou d'addition avec un acide pharmaceutiquement acceptable, 
caracterise en ce qu'on condense un compose represente par la formule gene rale (IX) : 




dans laquelle R, R 2 , X et Z sont tels que definis ci-dessus, et Hal represente un atome d'halog§ne 
identique ou different de X, avec un alcool represente par la formule generale (X) : 

R 1 -OH (X) 

dans laquelle R 1 represente un groupe alkyle comportant de 1 a 5 atomes de carbone, en presence 
d'un catalyseur basique. 
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7. ProcSde* selon la revendication 6, dans lequel le catalyseur basique est un alcoolate de m6tal alcalin. 

5 
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